We used remote sensing chlorophyll a concentration data, spring copepod abundance, and individual fish condition information to understand the annual recruitment variability of two neighboring haddock (Melanogrammus aeglefinus) stocks in the Gulf of Maine region. When we considered the full range of recruitment variability, the abundance of the copepods Calanus finmarchicus and Pseudocalanus spp. failed to explain the variation in survivor ratio in either stock. However, when we examined this relationship with subsets of the data, we found that Pseudocalanus spp. appears to have had an effect on survivor ratio. The full range of recruitment variability of the Georges Bank stock was found to correlate with the timing and size of the fall bloom the year before recruitment, which has been termed the parental condition hypothesis, suggesting that the fall bloom affects the condition of spawning adults and thus recruitment. The absence of a correlation between fall bloom and recruitment in the Gulf of Maine stock can be attributed to the difference in fall bloom frequency between the two stock areas. It appears that both parental condition and larval survival affect haddock recruitment; however, the relative impact of these effects depends on the contrasting nature of ecosystem environmental drivers.
Introduction
The lack of explanatory relationships between spawning stock biomass (SSB) and recruitment and the complexity of the underlying processes governing recruitment continues to challenge fisheries managers and scientists (Szuwalski et al. 2014) . Stock-recruitment models reflect the manner in which populations are controlled by reproductive feedback and the environment regardless of the level of fisheries exploitation exerted. These recruitment models have direct relevance to the quality of scientific advice used to set management quotas for a range of marine species, since stock-recruitment relationships are used to define fishing rates and biomass thresholds associated with the maximum sustainable yield (MSY) reference points (Legault and Brooks 2013; Maunder 2012) . To improve the explanatory power of stock-recruitment relationships, model parameterization has been expanded to include environmental covariates (Galindo-Cortes et al. 2010) . Comparative studies with multiple models has allowed more confident identification of stock size drivers, identifying whether these relationships are primarily related to fishing (Fiksen and Slotte 2002) or ocean climate forcing (Arregui et al. 2006) . These modeling exercises often have the advantage of providing insights on the long-term prospects for recruitment, thus informing fisheries planning. However, what cannot be forgotten is that the effective use and evaluation of environmental covariates requires an understanding of the basic underlying mechanism associated with a particular covariate.
SSB is implicitly a driver of year-class strength; however, the predictive strength of SSB has been applied with varying degrees of success, in large measure owing to the governing effects associated with the different life stages of a stock (Bradford and Cabana 1997) . Perhaps an oversimplification, but we see it as a bifurcation between effects associated with the spawning stock itself, through both biomass and condition of the stock and through the survival rates experienced by early life history stages, particularly the first few weeks after hatching (Leggett and Deblois 1994) . It is clear that population fecundity is related to recruitment variation; however, the linkage between condition of the adult population and the number and survival probability of the offspring is often less clear (Rickman et al. 2000) . Lambert (2008) provides a review of the modes by which fish reproduction may be impacted by the condition of spawners, which is often determined by the age composition of the stock (Hsieh et al. 2006 ) and seasonally variable condition of spawners (Rätz and Lloret 2003) . Survival through the early life stages is strongly related to the overlap in space and time between larval fish and their prey (Cushing 1996) , with reduced survival in years when there is a mismatch. However, the condition of the larvae at hatching also plays an important role, as larger eggs and newly hatched larval fish have a higher chance of survival. Several studies suggest that with a cohort consisting of fish of the same age but varying sizes, the larger individuals have a higher percent chance of survival and consequently higher recruitment potential (Hare and Cowen 1997) . Several reasons have been invoked to explain why "bigger is better", including (i) larger individuals have more available egg-yolk to sustain them from starvation during the first critical days after hatching; (ii) larger larvae are more capable of capturing prey as a wider selection of prey sizes are available; and (iii) larger individuals are more mobile, enabling them to better escape predators (Miller 1997) . The condition of individuals comprising the spawning stock and the survival of the young of the year seems therefore to be closely linked; however, few studies have managed to show that this link exists (Campana 1996) .
A diversity of ideas have developed around the mechanisms controlling the recruitment of haddock (Melanogrammus aeglefinus); considering the landscape of these studies, it is necessary to be mindful of the possibility that individual stocks often have unique underlying mechanisms of recruitment control (Houde 2008) . The member-vagrant hypothesis as the mechanism of recruitment control for haddock has been investigated for the Georges Bank stock, in part owing to the gyre circulation pattern of this ecosystem, which has been seen as a unique challenge for the retention of larval fish (Colton and Temple 1961; Smith and Morse 1985) . Though a range of study approaches have been employed, there is no clear evidence that larval transport affects haddock recruitment, despite the obvious effect of transport on survival (Boucher et al. 2013; Friedland et al. 2008; Lough et al. 2006) . The growthmortality hypothesis of recruitment control is supported by feeding and growth studies, which show that the instantaneous growth of haddock larvae is enhanced by the availability of preferred prey (Buckley and Durbin 2006; Mountain et al. 2008) . Furthermore, a recruitment index based on the ratio of recruited to hatched haddock has been related to shifts in zooplankton community structure on Georges Bank, a finding that explicitly links the growth-mortality hypothesis to recruitment (Mountain and Kane 2010) . The Hjort-Cushing hypothesis, where recruitment variation is related to the timing of the spring bloom, is supported by studies on Scotian Shelf haddock (Platt et al. 2003; Trzcinski et al. 2013 ). This theory is explicitly related to the growth-mortality hypothesis because the bloom is assumed to affect prey species composition and nutritional quality available to haddock larvae. Finally, the parental condition hypothesis (Lloret et al. 2012; Rosa et al. 2010 ) was applied to haddock based on observations for the Georges Bank stock, which relates the variation in the fall bloom the year before spawning to recruitment the following year (Friedland et al. 2008) . The premise of this hypothesis is based on a mechanism relating benthic flux from the fall bloom (Kemp et al. 2000; Smetacek 2000) as a feeding or provisioning pulse of energy to prespawning haddock, thus affecting the fecundity and condition of gametes. This hypothesis was recently refined with data that suggests the timing and location of the bloom are critical to the manner in which the adult stock is impacted (Leaf and Friedland 2014) . The effect of spawner condition on haddock recruitment has been seen in other stocks (Marshall and Frank 1999) .
Haddock stocks are characterized by episodic recruitments, which complicate efforts to implement sustainable management approaches. However, the historical record of recruitment variation in haddock and the availability of long-term environmental data allow a comparative approach to understand the relative role of different forcing factors shaping recruitment patterns. The goal of this investigation was to compare the relative performance (recruitment) of two neighboring haddock stocks in the Gulf of Maine area, the Georges Bank and Gulf of Maine stocks. Recruitment success, as represented by survivor ratio or recruits-per-spawner, was considered in respect to varying levels of preferred larval prey abundances and phytoplankton bloom patterns, including the effects of fall and spring blooms, the year before and of recruitment, respectively. Hypotheses related to the feeding and condition of spawning fish were extended by developing estimates of relative weight of haddock during spring. Finally, the role of environmental contrast as a forcing factor in the relative performance of the two stocks was considered by examining regional-scale fall bloom frequency.
Materials and methods

Haddock stock survivor ratio
We evaluated the effect of zooplankton abundance, phytoplankton blooms, and haddock condition on the comparative performance of the Georges Bank and Gulf of Maine haddock stocks by calculating survivor ratio based on age-structured population assessments. The spatial extents of the two stock areas are shown in Fig. 1 . Survivor ratios for each recruitment year were calculated by dividing abundance of age-1 haddock (number of age-1 individuals) by the SSB (t)of the previous year (NEFSC 2012 (NEFSC , 2014 . Because the survivor ratios were not normally distributed, we log-transformed these data (Friedland et al. 2009 ).
For comparison with zooplankton abundance, we used survivor ratios from the years 1977 to 2010. Survivor ratios were also 
Stock area zooplankton abundance
Zooplankton abundance data was collected during shipboard surveys to evaluate the status of the US Northeast Shelf large marine ecosystem. These surveys began with the MArine Resources Monitoring, Assessment, and Prediction (MARMAP) program that was conducted during the years 1977-1987. MARMAP sample coverage was from Nova Scotia, Canada, to Cape Hatteras, North Carolina. The MARMAP program was discontinued; however, comparative sampling continued, albeit at reduced intensity, through the 1990s. Zooplankton sampling was eventually incorporated into the Ecosystem Monitoring program (EcoMon), which is ongoing today. Zooplankton collections are made with oblique paired 61 cm bongo trawls constructed with 335 m mesh to a maximum depth of 200 m; samples are distributed each survey using a stratified random sampling design. Zooplankton were identified to the lowest taxonomic level possible, resulting in taxa-specific data on abundance and distribution (Kane 2007) . To test the effect of larval feeding opportunity on the survivor ratio of the two subject haddock stocks, we used zooplankton data for what we consider to be the key prey taxa for haddock larvae and limited the sample selections to the respective putative larval development. Based on feeding selectivity studies, Pseudocalanus spp. and Oithona spp. were found to be key taxa consumed by larval haddock (Broughton and Lough 2010) . The copepod Calanus finmarchicus was also consumed by larval haddock, but were not found to be preferentially selected. Despite this, C. finmarchicus is included in the analysis because of its dominant role in the ecosystem. Oithona spp. is not well sampled by the bongo trawl gear during spring, so this taxon was not considered further. We developed indices of C. finmarchicus and Pseudocalanus spp. abundances for two larval develop areas ( Fig. 1 ) during April; the selection of these areas and time frame was in part guided by the distribution of first feeding larvae of allied species (Friedland et al. 2013) .
The abundances of the copepod taxa C. finmarchicus and Pseudocalanus spp. were correlated with the survivor ratio of the Georges Bank and Gulf of Maine stocks over the time series of spring zooplankton abundance data. In addition, an analysis based on subsamples of the data was also employed. In the report by Mountain and Kane (2010) , their figure 8b shows the relationship between recruitsper-hatch (eggs) for the Georges Bank stock and ZooX, a variable derived from a multidimensional scaling analysis of the Georges Bank zooplankton community. This figure shows that recruitsper-hatch were positively correlated with ZooX over a set of years associated with large-scale plankton studies. There were 14 recruitment years used in the Mountain and Kane analysis; we took the survivor ratio data for the Georges Bank stock and ordered these data by the size of the recruitment and marked the coordinates that were used by Mountain and Kane in their analysis (Fig. 2) . The organization of the data shows that the Mountain and Kane analysis was drawn from the intermediate recruitments of the time series and do not include the five highest or lowest recruitment years. To explore the effect of reducing the range of data to years with intermediate recruitments, we reexamined the relationship between C. finmarchicus and Pseudocalanus abundances and survivor ratio by analyzing ordered subsamples. For four subsample sizes (12, 14, 16 , and 18 date pairs), we computed a correlation using a subsample of the coordinates with the lowest recruitments and progressively adding the coordinate with next highest recruitment while removing the coordinate with the lowest recruitment of the subsample.
Characterization of the fall and spring blooms
The relationship between haddock survivor ratio and the timing and dimension of fall and spring phytoplankton blooms was tested for the two haddock stocks. Bloom dynamics were characterized using remotely sensed chlorophyll a concentrations. These data were extracted from the two areas associated with the respective stock areas (Fig. 1) ; chlorophyll extraction areas are based on production units used in ecosystem assessments (Lucey and Fogarty 2013) . Bloom dynamics were also characterized as a gridded spatial analysis based on a 0.5°square spatial grid over the full extent of the Northeast Shelf. Chlorophyll a concentrations were derived from level 3 processed data, at 9 km and 8-day spatial and temporal resolutions, respectively, from both the Sea-viewing Wide Field of View (SeaWiFS) and Moderate Resolution Imaging Spectroradiometer (MODIS) sensors (oceancolor.gsfc.nasa.gov/cms). These two sensors provide overlapping data observations that reveal a systemic bias between the two sensors. A bias correction was applied by calculating factors applied to MODIS data to approximate the mean levels of the SeaWiFS data. The chlorophyll a concentrations (mg·m −3 ) were calculated by taking the mean of the constituent pixel values for each spatial-temporal cell. Spring bloom analyses were based on chlorophyll concentration data for the first half of the year, whereas fall bloom analyses were based on the second half of the year. Only time series with a minimum of 12 of the 23 potential observations were considered for analysis. We used linear interpolation to fill missing values within the extent of the data and filled missing values at the beginning and end of the time series with first and last observations, respectively, thus completing the time series for the bloom analysis.
We identified the beginning and end of the phytoplankton blooms using a change-point analysis technique used in previous analyses of Northeast Shelf bloom patterns (Friedland et al. 2008 (Friedland et al. , 2009 Leaf and Friedland 2014) and elsewhere (Friedland and Todd 2012) . The sequential averaging algorithm called STARS or "sequential t test analysis of regime shifts" (Rodionov 2004 (Rodionov , 2006 was used to find all change points in a time series. STARS algorithm parameters were specified a priori: alpha level for a change in the mean to be considered significant was set to ␣ = 0.1; the length criteria, the number of time steps to use when calculating the mean level of a new regime, was set to 5; and the Huber weight parameter, which determines the relative weighting of outliers in the calculation of the regime mean, was set to 3. A bloom was considered to have occurred if there was a period bracketed by a positive and negative structural change. We ignored structural changes (positive or negative) that occurred in the first or last two periods (days 1 and 8 and days 169 and 177, respectively). A detected bloom could not exceed nine sample periods (approximately 2.4 months), which was based on analyses of climatological bloom patterns in the production units. Periods bracketed by positive and negative structural change exceeding nine 8-day periods were considered to be ecologically different from discrete spring or fall blooms. For each detected bloom, we extracted quantities to characterize bloom timing and magnitude. Bloom start was defined as the day of initiation of the spring bloom, which was the first day of the 8-day bloom period that exhibited bloom conditions. Bloom magnitude was the integral of the chlorophyll concentrations during the bloom period.
Relative weight of haddock stocks
The relationship between haddock survivor ratio and the condition of haddock during spring was tested for the two haddock stocks. To compare interannual patterns of haddock condition, we calculated the relative weight (Wr) index, which is a ratio measure of the variation in fish weight compared with a standard weight (Blackwell et al. 2000) . This approach is an alternative to the better known morphometric condition index K or the Fulton condition factor, which is problematic to apply over a range of fish sizes, since it assumes isometric growth, which is rarely the case in fish species (Stevenson and Woods 2006) . 
Results
Coherence in survivor ratio
Despite differences in overall stock productivity, survivor ratio between the Georges Bank and Gulf of Maine haddock stocks show a level of recruitment coherence suggesting they were impacted by some common factor. The Georges Bank has been the larger of the two stocks, averaging 75 668 t spawning stock size over the period 1977-2010 (Table 1) . Over the same time period, the Gulf of Maine spawning stock averaged 6426 t, which is over an order of magnitude difference between the two stocks. Differences in year-class strength between the two stocks as represented by the stock size of age-1 fish were even larger than the spawning stock size differences. Recruitments have averaged 49 million age-1 fish for the Georges Bank stocks and 2 million fish in the Gulf of Maine, which is over a 20-fold difference. Survivor ratio, taken as the log of the recruitment of age-1 haddock in numbers divided by the spawning stocks size, ranged from -1.78 to 0.68 for both stocks (Table 1) . Gulf of Maine survivor ratio was significantly correlated with the Georges Bank ratio (Fig. 3) ; however, the distribution of ratio coordinates was not symmetric around the line of equal ratios. In most years (21 out of 34 years), coordinates were above the equal ratio line, indicating a higher ratio was observed for the Gulf of Maine stocks than the Georges Bank stocks, but the magnitude of orthogonal distances for points above the line tended to be less than those below the line (deviations averaged 0.34 versus 0.27, respectively), indicating that there is greater temporal variability of the Georges Bank survivor ratio.
Influence of C. finmarchicus and Pseudocalanus abundances on survivor ratio
The abundances of the copepod taxa C. finmarchicus and Pseudocalanus spp. were uncorrelated to the survivor ratio of the Georges Bank and Gulf of Maine stocks over the time series of spring zooplankton abundance data. However, our analysis based on subsamples of the data suggests that Pseudocalanus abundance appears to play an important role in the pattern of recruitment of Georges Bank haddock. The scatterplots between C. finmarchicus and Pseudocalanus abundances and survivor ratio for the Georges Bank and Gulf of Maine stocks are shown in Figs. 4a, 4b and 4c, 4d, respectively; both sets of plots indicate the absence of a relationship between the variables. The analysis based on subsamples of the data shows that survival ratio for the Georges Bank stock was positively correlated with Pseudocalanus abundance for subsamples drawn from intermediate recruitments (Fig. 5b) and complementarily negatively correlated with C. finmarchicus abundances over lower recruitments (Fig. 5a ). The analysis for the Gulf of Maine stocks suggests that survivor ratio was positively correlated with the C. finmarchicus abundances for subsamples drawn from higher recruitments ( Fig. 6a) and uncorrelated with Pseudocalanus (Fig. 6b) . However, it is worth noting that the positive correlation between survival ratio for the Georges Bank stock and Pseudocalanus abundance was found in all four subsample sizes (12, 14, 16, and 18 data pairs), whereas the positive correlation between survival ratio for the Gulf of Maine stock and C. finmarchicus abundance was only present in subsamples of 12 and 14 data pairs.
Influence of fall and spring blooms on survivor ratio
The fall bloom the year before the recruitment year appears to affect the survivor ratio of the Georges Bank haddock but was not related to the survivor ratio for the Gulf of Maine stock. As has been reported elsewhere (Friedland et al. 2008; Leaf and Friedland 2014) , survivor ratio was significantly correlated with start day and bloom magnitude of the fall bloom for the Georges Bank stock (Figs. 7a and 7c, respectively) . This relationship was first reported based on a sample size of seven (Friedland et al. 2008) ; despite nearly doubling the sample size in this analysis, the sample size is still low, suggesting the relationship should continue to be monitored. Neither start day nor bloom magnitude of the fall bloom was correlated with survivor ratio of the Gulf of Maine stock (Figs. 7e and 7g, respectively) .
The spring bloom of the same year as the recruitment year appears to have had no effect on the survivor ratio of either the Georges Bank or Gulf of Maine haddock stocks. Survivor ratio was uncorrelated with spring bloom start day and magnitude for the Georges Bank and Gulf of Maine stocks (Figs. 7b, 7d and 7f, 7h,  respectively) . 
Influence of parental condition on survivor ratio
The condition of haddock during the spring of the recruitment year was correlated to the survivor ratio for both the Georges Bank and Gulf of Maine stocks; however, these correlations were stronger for the Georges Bank stock. As has been reported elsewhere (Leaf and Friedland 2014) , the spring condition of female haddock on Georges Bank, using the Fulton condition factor, was significantly correlated with survivor ratio. We also found that spring condition of female haddock on Georges Bank was significantly correlated with survivor ratio, as was male condition and condition for both sexes, but in this case using a relative weight analysis ( Table 2 ). The only significant correlation between spring fish condition and survival ratio for the Gulf of Maine stock was for males; female haddock condition in the Gulf of Maine was uncorrelated with survival ratio.
Contrast in fall bloom frequency on the Northeast Shelf
The frequency of detectable fall phytoplankton blooms varies by subareas of the Northeast Shelf ecosystem. A fall bloom was detected in most years in the Gulf of Maine with associated bloom frequencies in excess of 0.7 (Fig. 8) . In contrast, over much of the Middle Atlantic Bight, fall bloom frequencies were less than 0.3. The Georges Bank represented an intermediate area where bloom frequencies were between 0.4 and 0.6. Hence, an important contrast can be drawn between the Gulf of Maine, where a fall bloom nearly always occurs, and the Georges Bank, where the occurrence of a fall bloom is close to a coin toss probability. The fall bloom is a source of environmental contrast on Georges Bank, which is not the case in the Gulf of Maine.
Discussion
Historically, two schools of thought have developed in fisheries sciences with respect to what is important for determining high recruitment. One school of thought focuses on the importance of SSB in affecting recruitment levels. MacKenzie et al. (2003) found that more than 50% of the variation between interannual biomass recruitment was explained by SSB, although large variations in spawning per recruit existed within stocks. The reasons for the variability could be caused by changes in spawning stock structure and the amount of eggs spawned into the water column. It is also clear that larger and older adults tend to have longer spawning periods (Kjesbu et al. 1996) , and an extended size and age structure of the stock would favor higher recruitment potential. The other school of thought has focused on the role of environmental conditions in determining recruitment success. For example, the survival probability during the critical larval stage, and also during the juvenile stage, is known to have tremendous importance to recruitment (Cushing 1990; Hjort 1914 ) and can potentially explain the interannual variability in recruitment. This variability is attributed to changes in the environmental conditions of the spawning habitat, such as availability of prey resources or ocean temperature. Particularly, the duration and timing of the presence and distribution of larval fish to overlap with their prey resources are of key importance to larval fish survival. A recent study that combined models and observations suggested that in addition to the match-mismatch between prey and larvae, the duration of the overlap between larvae and their prey affects the total number of survivors during spring (Kristiansen et al. 2011) . This is important as observations suggest that although the timing of spring blooms and the presence of zooplankton in the Fig. 7 . Survivor ratio versus fall and spring bloom start day (panels a and b, respectively) and magnitude (mg·m −3 8-day) (panels c and d, respectively) for the Georges Bank stock, as well as survivor ratio versus fall and spring bloom start day (panels e and f, respectively) and magnitude (panels g and h, respectively) for the Gulf of Maine stock for the bloom years 1997-2009 and recruitment years 1998-2010 . Pearson product-moment correlation (r) and associated correlation probability (p) are given. Note: N is the sample size by year and stock area for both sexes. Correlation is Pearson product-moment correlation between log recruits per SSB and Wr for respective stocks with associated correlation probability (p) for the period 1992-2010. water column may change between years, the timing of peak fish spawning is often constant (Pedersen 1984) . The comparative ecology of neighboring haddock stocks appears to illustrate the range of population response consistent with both schools of thought.
The recruitment success of two neighboring haddock stocks appears to be driven by distinctly different mechanisms owing to the range in contrast of the fall bloom in one area versus the other. We see evidence in our data that suggests both growthmortality and parental condition hypotheses of recruitment control are at work in the subject haddock stocks. However, it would appear that the higher degree of contrast in fall bloom patterns on Georges Bank is reflected in the dynamics of that stock, suggesting a more prominent role of the fall bloom provisioning of prespawning adults on Georges Bank (parental condition hypothesis). In both stock areas, there is annual contrast in the growth and survival of larvae related to available zooplankton forage. In the Georges Bank stock area, the fall bloom will fail to develop in approximately half the years, and in the years a bloom occurs it may not be appropriately timed or in the correct subregion of the Bank to impact prespawning haddock. Hence, the flux of particulate organic carbon to the benthos during fall on Georges Bank is episodic with a frequency that matches recruitment events. In contrast, the fall bloom develops in most years in the Gulf of Maine stock area; thus, it does not produce contrast in particulate organic carbon flux and would appear to have a minimal effect on the variability of prespawning haddock condition.
The Hjort-Cushing hypothesis, which appears to be a prominent feature of the recruitment of Scotian Shelf haddock, seen as an inverse relationship between bloom timing and survivor ratio, is only partially supported with data for the two subject stocks. This partial support would appear to be related to the dynamics of their spring blooms and resultant patterns of zooplankton growth and biomass. Over the same period as this study, Friedland et al. (2015) found that spring zooplankton biomass (as biovolume) was both independent and dependent on spring bloom start day on Georges Bank and in the western Gulf of Maine, respectively. In neither area was biovolume correlated with Pseudocalanus abundance, so we do not see an obvious linkage between zooplankton biomass and haddock recruitment, but what is evident is that bloom start on Georges Bank varies little annually, whereas bloom start in the western Gulf of Maine is more variable and, as speculated by Friedland et al. (2015) , may affect bloom succession. Hence, our data for the Gulf of Maine stock is consistent with Platt et al. (2003) and Trzcinski et al. (2013) in that these researchers found that early blooms on the Scotian Shelf produced higher survivor ratios, which can be seen in our Gulf of Maine data to some degree. Gulf of Maine survivor ratio is negatively correlated with bloom timing, but the correlation is weak at a significance level of p = 0.175. The absence of any indication of a correlation between bloom timing and haddock recruitment on Georges Bank may be related to the lack of contrast in spring bloom timing in that area and the dominant effect of the fall bloom on stock dynamics.
The growth-mortality hypothesis was supported, to some degree, by the relationship between the survivor ratio and the abundance of key zooplankton species. If the episodic nature of haddock recruitment on Georges Bank is due to the variation in reproductive output related to fall bloom variation, the fortuitous selection of study years by Mountain and Kane (2010) and our intentional subsampling scheme to examine the effects of zooplankton on survivor ratio would appear to control for that factor. Years with intermediate recruitment would be years with low reproductive output per spawner; thus, the contrast in survivor ratio for these years would be mostly affected by larval survivorship. This conclusion would be consistent with our results and what was reported by Mountain and Kane (2010) .
The member-vagrant hypothesis as the dominant mode of recruitment control has been of particular interest in the context of the Georges Bank stock for many years (Colton and Temple 1961; Smith and Morse 1985) , which may be a reflection of the challenge of larval stage retention suggested by the bathymetry of the Bank. Georges Bank is an elevated portion of the seafloor forming an oblong bank (Brown et al. 2011 ) surrounded by deeper water on most of its perimeter. It would be understandable if early research efforts concerning the retention of fish on this benthic feature would be mindful of the potential for fish to drift off this structure and be lost from appropriate habitat. The most recent work on retention probability as the driving factor for Georges Bank haddock recruitment (Boucher et al. 2013 ) confirms earlier conclusions that the adequate retention of larval haddock is a necessary prerequisite for successful recruitment, but variation in Georges Bank circulation does not provide much explanatory power to explain patterns in recruitment.
We suggest that a combination of factors act on the resultant pattern of haddock recruitment, which, depending on the nature of the environmental forcing factors affecting the individual population, may play a greater or lesser role. For example, adult provisioning, egg and larval retention, and the myriad of additional factors affecting growth and survival of larval fish are all at work in all populations; however, regional or local conditions may cause one factor to be dominant compared with other factors and this confers the ability of that factor to shape recruitment. In a sense, these effects are layered upon each other, since there is a certain level of chronology associated with how they impact a population. In the western North Atlantic, we have evidence that populations that are in close proximity to each other are alternately affected by very different seasonal factors. Successful recruitment of the Georges Bank stock is the result of a suite of layered effects dominated by the effect of the fall bloom provisioning of prespawning adults, whereas the Scotian Shelf haddock stock appears to be dominated by the effect of the timing of the spring bloom and its effects on larval feeding and growth.
Recruitment patterns for haddock populations in the northeast Atlantic provide a wide range of responses, some of which may be related to the parental condition hypothesis. Stocks in the Gulf of Maine region demonstrate recruitment coherence that would be consistent with some common factors affecting young-of-the-year survivorship or other life history events. We are also mindful that this coherence may also be related to migration between the stock areas to some degree. As we observed for the Gulf of Maine region stocks, there is also recruitment coherence among Northeast Atlantic haddock stocks, suggesting the existence of common environmental forcing factors (Fogarty et al. 2001) . Northeast Arctic haddock recruitment appears to be related to winter temperature, which was interpreted in the context of the effect of growth conditions on early life history stages (Bogstad et al. 2013) . However, with the construction of an egg mortality time series for these stocks, it was found that this stage-specific mortality rate was unrelated to recruitment, a finding attributed to low statistical power of the samples (Langangen et al. 2014) . Winter conditions may also impact the adult stock and the condition of prespawners; clearly for haddock, like other fish species, sequestration of energy stores in the liver translate to potential fecundity (Skjaeraasen et al. 2013) . Collectively, these observations are consistent with the hypothesis that parental condition is an important factor in determining the size of Northeast Arctic haddock cohorts. However, in other parts of the Northeast Atlantic, such as the Skagerrak-Kattegat, a very different story is emerging, providing a cautionary message for research investigating climate impacts. Linderholm et al. (2014) found that the correlative relationships between climate forcing and recruitment were not stable and may be more related to fishery effects. In particular, the effect may be more profound in haddock than for other species in the region.
